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Abstract  
One of the main considerations underlying the establishment of the International Treaty on 
Plant Genetic Resources for Food and Agriculture and its Multilateral System of Access and 
Benefit Sharing is the recognition of countries’ high interdependence on the genetic resources 
of the crops and forages which they depend upon for their food security. A continued 
appreciation of how countries have benefited from facilitated exchange of germplasm in the 
past and are likely to continue doing so in the future is needed, in order to move forward the 
implementation of the Multilateral System and creating a truly global pool of genetic 
resources for countries’ agricultural development and adaptation to climate change. Using 
Costa Rica as a case and rice and bean as key crops, the paper presents a picture of the 
dynamics of their genetic resources, both inside and outside of the country, over past years 
and into the future. It illustrates the extent to which Costa Rica is dependent upon germplasm 
from other countries for its food security, and how, in a complementary manner, other 
countries rely upon germplasm from Costa Rica. It is hoped that the information presented 
here may encourage and facilitate the implementation of the International Treaty and its 
Multilateral System in the country. 
 
 
Keywords 
Plant genetic resources; Multilateral System; interdependence; climate change. 
  4 
 
 5 
About the authors  
Francisco Estrada Garro, Centro Agronómico Tropical de Investigación y Enseñanza, 
(CATIE), 7170 Cartago, Turrialba 30501, Costa Rica. Email: festrada@catie.ac.cr 
Gea Galluzzi, Bioversity International, Office for the Americas, km 17 Recta Cali Palmira, 
Cali, Colombia. Email: geagalluzzi@gmail.com 
Flor Yvette Elizondo Porras, Ministerio de Agricultura de Costa Rica, Sabana Sur, Antiguo 
Edificio La Salle, San José Costa Rica. Email: fielizondo@gmail.com 
 
 
 
  6 
Acknowledgements  
The authors wish to thank the second Genetic resources Policy Initiative project (GRPI 2) for 
the financial support to conduct the work presented in this paper. They also wish to thank the 
Centro Agronomico Tropical de Investigación y Enseñanza (CATIE) for granting use of their 
campus for conducting part of the work. 
 
 
 
 7 
Contents  
Introduction ............................................................................................................................... 8 
Overview of agriculture in Costa Rica .................................................................................... 10 
Rice and beans: origins, dispersal and present-day importance in Costa Rica ........................ 11 
Rice ..................................................................................................................................... 11 
Beans ................................................................................................................................... 12 
Regional and international collaborations on agricultural research and exchanges of plant 
genetic resources ..................................................................................................................... 13 
Rice ..................................................................................................................................... 14 
Beans ................................................................................................................................... 16 
The exchange of plant genetic resources to cope with the impact of climate change ............. 19 
Outlook .................................................................................................................................... 25 
References ............................................................................................................................... 26 
  
 
  8 
Introduction 
From the origins of agriculture until around the 1980s, genetic resources (including those for 
food and agriculture) were largely considered to be a common heritage of mankind, and as 
such no limitations or formal rules were imposed on their exchange and use, regardless of 
how far from their area of origin these events took place. However, the increasing application 
of intellectual property rights, even in the biological arena, gradually led to an international 
scenario in which diversity-rich countries, mostly in the developing world, felt ‘robbed’ of the 
benefits deriving from the commercial exploitation of resources from their territory, and thus 
began demanding the abolition of the principle of free access to genetic resources. After years 
of negotiations, their demand was recognized in 1992 in the Convention on Biological 
Diversity (CBD), which establishes the sovereignty of countries over the natural and genetic 
resources found within their borders, defining the conditions and procedures required to 
obtain access to these (i.e. access and benefit-sharing rules).  
In 1993, the Conference of the Food and Agriculture Organization of the United Nations 
(FAO) requested the Commission on Plant Genetic Resources for Food and Agriculture 
(established in the early 1980s) to host intergovernmental negotiations for addressing issues 
that were not covered by the CBD, or that did not fit into the framework established by the 
CBD. Among these issues was the status of ex situ collections, the identification of a univocal 
origin/provider for crop genetic resources (which, in contrast to natural species, tend to be the 
result of generations of selection by farming communities in different environments), and 
farmers’ rights. After seven years, these negotiations led to the development of the 
International Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA). The 
ITPGRFA establishes a multilateral system of access and benefit sharing (from here on, the 
MLS), through which countries create an international pool of PGRFA for sixty-four priority 
crops and forages of global importance, to be used for research, training and breeding 
purposes. In exchange for putting their own PGRFA in the pool, countries obtain access to 
PGRFA of all other countries, along with those in the collections held by international 
organizations that have signed agreements with the Governing Body of the ITPGRFA. The 
ITPGRFA sets out mandatory benefit-sharing requirements: when recipients commercialize 
new PGRFA products that incorporate material from the MLS, and don’t allow others to use 
those products for research and breeding, they must pay 1.1% of gross sales to an 
international benefit-sharing fund created under the framework of the ITPGRFA. This fund is 
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used to support research and capacity building in developing countries, in projects selected 
through a competitive bidding scheme.  
The fact that countries are highly interdependent on the genetic resources of food security 
crops and forages was the main reason for creating the multilateral system. An appreciation of 
the extent to which any party to the ITPGRFA depends on resources from other countries for 
its agricultural development is an important element to fully understand why participation in 
the multilateral system is so relevant. The data presented in this working paper should 
contribute to increasing awareness among stakeholders about the extent to which Costa Rica 
is dependent upon germplasm from other countries for its food security, and how, in a 
complementary manner, other countries rely upon germplasm from Costa Rica. Using rice 
and bean as exemplary crops (one introduced and one native), the analyses include a 
retrospective element, tracing back their history of domestication or introduction in Costa 
Rica and their subsequent adoption/diffusion; a present-day snapshot of important 
achievements based on international PGRFA exchanges; and an investigation of future 
potential germplasm needs that are required to respond to the likely impacts of climate change 
on the country’s production of these species. The paper begins with a general overview of 
Costa Rica’s agricultural system. Thereafter, in-depth analyses present a picture of the 
dynamics of rice and bean genetic resources, both inside and outside of the country, over past 
years and into the future.  
The research presented here was supported by the Genetic Resources Policy Initiative 
(GRPI2), a multi-country project aimed at strengthening capacities for the implementation of 
the ITPGRFA and its multilateral system in eight countries. Bioversity International provided 
international coordination and research support for the project. In Costa Rica, the project was 
led by the Comisión Nacional de Recursos Fitogenéticos (CONAREFI), with the participation 
of the Centro Agronómico Tropical de Investigación y Enseñanza (CATIE), and the 
Ministerio de Agricultura y Ganadería.1 The data presented here was collected as part of the 
project component ‘Mapping and measuring germplasm interdependence and flows: research 
on the dynamics of the global crop commons’. 
  
 
 
1 Briefs setting out comparable results from other countries are also being developed. Once finished they will be available on the 
GRPI project blog at http://grpi2.wordpress.com/about/grpi-2/; on the publications page of Bioversity International at 
https://www.bioversityinternational.org/e-library/publications/; on  the CCAFS working papers page at 
https://cgspace.cgiar.org/handle/10568/5468 
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Overview of agriculture in Costa Rica 
Costa Rica is a stable long-standing democracy and middle-income country, which has 
developed far faster than its neighbours in Central America, and in which agriculture 
contributes to around 8% of the GDP. The crops grown are white maize, rice, beans, 
tomatoes, potatoes, cassava and onions; together with Panama, Costa Rica has a relatively 
high degree of dependence on non-native crops compared to other Central American 
countries, due to a more consistent dietary shift towards rice, wheat, soybean, and plantain 
(Flores Palacios 1998).  
In contrast to its steadily improving environmental and biodiversity management, and high 
levels of public spending on health and education, one-fifth of its population remain poor; this 
is particularly true in rural areas, where policy support to smallholder farmers, who produce 
almost 90% of the country’s staples, has been steadily declining. From the 1980s up until 
2008, national policies geared towards liberalization and privatization favoured export-
oriented production models centred on introduced cash crops such as banana, pineapple and 
coffee; this trend greatly weakened the role of public agricultural research and extension 
services, which were traditionally dedicated to maintaining and improving the production of 
the country’s basic food crops (The New Agriculturalist 2015). As a result, as of the mid 
2000s, only 20% of white maize and 23% of common beans consumed in Costa Rica were 
produced nationally (yellow maize was entirely imported), and international collaborations 
and germplasm exchanges that had contributed to the improvement of these and other basic 
crops in the country were greatly reduced. Following the price crisis of 2007-2008, it became 
evident that the country’s increasing dependence on imports had a negative effect on its food 
security, encouraging the government and external agencies such as FAO to launch initiatives 
(many of them of a regional nature) to boost the domestic production of basic grains (FAO 
2013). These initiatives fostered a renewed involvement of national research and development 
institutions in research and extension, and contributed to strengthening partnerships and 
participatory approaches around genetic resources, from breeding and variety selection to 
seed production and dissemination. 
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Rice and beans: origins, dispersal and present-day 
importance in Costa Rica 
Rice 
Cultivated rice (Oryza sativa L.) is grown worldwide and is one of the most important cereals 
for human nutrition; it was domesticated thousands of years ago in Asia, from Oryza 
rufipogon, a wild relative that is still found today. In-depth genetic analyses have revealed 
that the japonica subspecies of rice was first domesticated from a specific population of O. 
rufipogon around the middle area of the Pearl River in southern China, and that the indica 
subspecies was subsequently developed from crosses between japonica and local wild rice as 
the initial cultivars spread into southern and south-eastern Asia (Huang et al. 2012). Africa is 
home to a different species of domesticated rice, Oryza glaberrima, whose distribution and 
use remained restricted mostly to West African countries. Rice seeds of the japonica variety 
were introduced into Central and South America by European traders (mostly Spanish) during 
the sixteenth and up until the eighteenth centuries. The exact routes of its introduction are not 
clear but ports in Panama or Mexico where European ships arrived with goods from the East 
were most likely important entry points. Further exchanges of material occurred among 
countries in Central, South, and North America (Lu and Chang 1980). There have also been 
findings of the African cultigen in Central America, most likely as a result of introduction 
during the time of the transatlantic slave trade (Bertin et al. 1971). The earliest reports of rice 
cultivation in Costa Rica are from Matina, a hilly area close to the Atlantic coast (in 1737), 
and Esparza, on the Pacific side of the country (in 1788). While early rice cultivation was 
restricted to the highlands where it was managed under slash and burn practices, around the 
1960s it was introduced to the lowlands together with ‘green revolution’ techniques that made 
flooded cultivation possible (Cabezas Bolaños and Espinoza Esquivel 2000). 
Today, rice and beans are the main ingredients of the nation’s flagship dish, ‘el Gallo pinto’, 
in which they are cooked together (black-seeded beans are used). Over the past 40 years, 
domestic rice consumption has grown (FAOSTAT), reaching a present-day average per capita 
consumption of around 52 kg per year (corresponding to roughly 22% of the calories 
ingested), among the highest in the region together with Panama. The policy decision made 
around 2007 to reverse or attenuate the trend towards export-based cash crop production and 
invest more in domestic production of basic grains can be detected in the recent rice 
production trends in Costa Rica; however, the country still needs to import consistent shares 
of the rice consumed by the population (see figure 1). 
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Figure 1.  Production and trade data for rice in Costa Rica from 1961 to 2011 (FAO 2014).  
 
 
Beans 
Today, two separate genepools of domesticated common bean exist: one in Mesoamerica 
(distributed from Mexico through Central America and into Venezuela and Colombia); and 
one in the Andes (from southern Ecuador to northern Argentina). Their differences have been 
studied at morphological (Delgado Salinas et al. 1988; Singh et al. 1991), biochemical (Gepts 
et al. 1986; Koenig and Gepts 1989), and molecular (Velasquez and Gepts 1994; Papa and 
Gepts 2003; Kwak and Gepts 2009) levels, leading to the prevalent hypothesis of two 
independent domestication events, one in each hemisphere. However, the possibility of a 
single domestication event in Mesoamerica recently regained support (Bitocchi et al. 2012), 
based on molecular marker analyses of wild populations. Singh et al. (Singh et al. 1991) 
classified the Mesoamerican cultivars into three races – lowland race Mesoamerica and 
highland races Durango and Jalisco. The Mesoamerican race, represented by the black, navy 
and small-red market classes, occupy the lowlands of Latin America from Mexico to northern 
Colombia and Venezuela.  
Soon after their domestication, thanks to trade and seed exchanges among indigenous 
populations, Mesoamerican beans rapidly spread into Central and South America. Four 
domesticated species grow in Costa Rica (P. vulgaris, P. lunatus, P. coccineus, P. dumosus), 
and over the past 20 years, 22 wild bean populations have been identified in the country 
(Debouck et al. 1989; Araya et al. 2001; González et al. 2004). In some areas, such as the 
Cartago province, wild Phaseolus species grow alongside commercial plantations of 
domesticated P. vulgaris; notwithstanding the predominantly inbreeding nature of the species, 
evidence of geneflow has been found (González et al. 2004).  
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Beans are used in a variety of preparations and have traditionally constituted an important 
source of protein. National annual consumption of beans was recently estimated to be around 
40,000 tonnes (Consejo Nacional de Producción 2015), providing between 10% and 15% of 
the recommended protein intake per person per day, with higher shares among women 
(Rodríguez-Castillo and Ferbández-Rojas 2003). However, the latest national food 
consumption survey of 2001 reported a decline in bean consumption, particularly in urban 
areas, compared to the previous decade (from 53 to 46 g/person/day) (Instituto Nacional de 
Estadística y Censos 2001). Socio-economic changes and the provision of policy support to 
cash crops for export markets have affected domestic production and consumption of this 
native crop: before 1994, there were approximately 21,500 national producers, but by 2004, 
this number had already gone down to 7,000 with a consequent increase in imports, 
particularly from Honduras and Nicaragua (red beans), and China (both red and black 
varieties)(Ministerio de Agricultura y Ganadería 2008). 
Figure 2.  Production and trade data for rice in Costa Rica from 1961 to 2011 (FAO 2014). 
 
  
Regional and international collaborations on 
agricultural research and exchanges of plant genetic 
resources  
Costa Rican rice and bean research institutions have long been collaborating with national 
and international organizations outside the country in joint research efforts that have involved 
germplasm exchanges. This is reflected both in the presence of rice and bean germplasm of 
Costa Rican origin in international genebanks, and in the diversity of materials from foreign 
countries that have been introduced into the country through these genebanks. Crop-based 
regional networks have also been instrumental in advancing Costa Rica’s crop-based research 
and development agenda, among others by allowing far-reaching exchanges of germplasm 
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that have contributed to the generation of new, successful varieties. Some details on these 
mechanisms, for rice and beans, are given in the following sections. 
Rice 
Rice research in Costa Rica is carried out both by public sector actors, such as the Instituto 
Nacional de Tecnología Agropecuaria (INTA), the Corporación Arrocera Nacional 
(CONARROZ), and the Universidad de Costa Rica; and by private sector actors that include 
the Instituto de Investigación de Arroz (INARROZ), and seed producer SENUMISA S.A. 
INTA’s rice programme takes care of the generation of new varieties for both dryland and 
irrigated cultivation areas, and conducts research on best agronomic practices, often in 
collaboration with the above private actors. Private sector organizations either develop their 
own varieties and technological packages, co-develop these with public institutions, or adopt 
and disseminate public sector seeds and technologies. 
The International Rice Research Institute (IRRI) in the Philippines conserves 144 accessions 
belonging to the Oryza genus from Costa Rica (Genesys 2014); during the 1979-2009 period, 
at least 99 rice accessions were introduced to Costa Rica from IRRI, having been originally 
collected in at least 29 countries (SINGER 2012) (figure 3). 
Figure 3. Countries where the Oryza genetic resources sent to Costa Rica from IRRI’s 
genebank were originally collected or improved, with darker shades representing greater 
number of accessions (1979-2009). Source: SINGER (SINGER 2012). 
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Latin American rice programmes tend to be the major source of germplasm feeding into 
Costa Rican rice research; the rice-breeding programme of the International Center for 
Tropical Agriculture (CIAT), for example, has sent 586 research materials to commercial 
companies working on rice in the country (SINGER 2012). The country’s rice breeders 
participate in the Fondo Latinoamericano para Arroz de Riego (FLAR), a public-private 
consortium whose tropical breeding programme develops and distributes improved lines 
adapted to the tropical areas of its member countries (Bolivia, Colombia, Costa Rica, 
Dominican Republic, Ecuador, Guatemala, Guyana, Honduras, Mexico, Nicaragua, Panama, 
Perú and Venezuela). Between 2003 and 2013, 48 FLAR-derived varieties were released in 
12 tropical countries; ten were released in Costa Rica between 2006 and 2010 (Corobici, 
Palmar 18, Cabuyo, Diría FL15, Cortez FL48, Sierpe FL250, Tenorio FL238, Pasquiel FL13, 
Curime FL14, Garabito FL163) (Fondo Latimoamericano para Arroz de Riego 2015). In 
recent years, at least 60% of national rice production has been based on the variety Palmar 18 
(24,662 hectares in the 2009-2010 cropping season) (Conarroz 2009); this variety carries 
resistance to Pyricularia grisea and white leaf virus, and is appreciated for the excellent 
quality of its grain. Its complex pedigree includes materials obtained and held by FLAR as 
well as materials from IRRI; among the progenitors of the multiple crosses that finally led to 
Palmar 18 are genetic resources originally collected or improved in at least eight foreign 
countries: China, Indonesia, Malaysia, Myanmar, the Philippines, Taiwan, Vietnam and the 
United States (see figure 4 for pedigree details).  
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Figure 4. Pedigree of the successful rice variety Palmar 18, released in Costa Rica in 2006; 
some of the materials involved in making the crosses are reported in brackets in the 
corresponding boxes. Sources: FLAR working collection database (Fondo Latimoamericano 
para Arroz de Riego 2015), and the International Rice Information System (IRIS)(IRRI 2015). 
 
Beans 
Costa Rican institutions involved in bean research are mostly public; they include INTA, the 
Ministerio de Agricultura y Ganadería, the Universidad de Costa Rica, and the 
Consejo Nacional de Producción. The Centro Agronómico Tropical de Investigación y 
Enseñanza (CATIE), a regional organization whose headquarters are based in Costa Rica, has 
also been a key player, particularly for the conservation of bean genetic resources. The 
Agricultural Research and Technology Transfer Programme for Bean (PITTA-Frijol) was 
established in 1980 and formalized only in 2006, together with other crop-based PITTA 
programmes, as part of the newly created National System for Research and Technology 
Transfer in Agriculture. PITTA-Frijol has since then been the main player in national bean 
research and development, with the participation of staff from national universities and 
governmental institutions, and farmers. 
As a result of joint collection missions or germplasm exchanges, 656 accessions belonging to 
11 species of the Phaseolus genus originally collected in Costa Rica are stored in CIAT’s 
genebank in Colombia (Genesys 2014); between 1979 and 2009, at least 1686 Phaseolus 
accessions originally collected in 50 different countries were sent to Costa Rica from CIAT’s 
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genebank (figure 5). In 2009 alone, CIAT’s bean breeding programme sent 152 research 
materials to INTA (SINGER 2012). 
Figure 5. Countries where the Phaseolus genetic resources sent to Costa Rica from CIAT’s 
genebank were originally collected or improved, with darker shades representing greater 
number of accessions (1979-2009). Source: SINGER (SINGER 2012). 
 
The most important network for bean improvement has been the Cooperative Regional Bean 
Programme for Mexico, Central America and the Caribbean (PROFRIJOL), which was 
established in 1981 with funds from the Swiss Agency for Development and Cooperation 
(SDC), and involving CIAT as the lead technical support agency. In 1996, the Escuela 
Agrícola Panamericana Zamorano, with financial support from the Bean/Cowpea 
Collaborative Research Support Program (CRSP) funded by the United States Agency for 
International Development (USAID), started increasing its contributions to bean 
development, which was particularly important after the sharp decrease in CIAT’s 
involvement when SDC ceased to support PROFRIJOL in 2002. The bean/cowpea CRSP is 
thus today the only donor of this (now informal) network. Both PROFRIJOL and the CRSP 
have the merit to have introduced a modus operandi based on international nurseries, through 
which materials pre-bred at CIAT or Zamorano have been exchanged and evaluated in 
different countries and environments across the region; this collaborative approach greatly 
enhanced the process of germplasm testing, adaptation to local conditions and release as 
finished varieties (Reyes 2012). From 1982 to 2007, the collaboration between PROFRIJOL 
and CIAT led to the release of 21 improved varieties in Costa Rica, while another five were 
released between 2000 and 2009 thanks to the CRSP (Jamora and Maredia 2011)(see table 1).  
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Table 1. Bean varieties released in Costa Rica through international networks and 
collaborations from 1982 to 2009 (Jamora and Maredia 2010). 
 
Country Market class Variety name 
Year 
released 
Source 
Costa Rica Small red BIBRI 1982 CIAT 
Costa Rica Black BRUNCA 1982 CIAT 
Costa Rica Red CHANGUENA 2006 CIAT 
Costa Rica Small red CHIRRIPO ROJO 1996 CIAT 
Costa Rica Small red CHOROTEGA 1982 CIAT 
Costa Rica Black CIAT 95 1995 CIAT 
Costa Rica Small red COROBICI 1982 CIAT 
Costa Rica Black GUAIMÍ 1995 CIAT 
Costa Rica Black HUASTECO 1984 CIAT 
Costa Rica Small red HUETAR 1982 CIAT 
Costa Rica Small red HUETAR 2 1982 CIAT 
Costa Rica Black ICA PIJAO 1982 CIAT 
Costa Rica Small red MALEKU 1995 CIAT 
Costa Rica Black PORRILLO SINTETICO 1982 CIAT 
Costa Rica Black PURICISE 1993 CIAT 
Costa Rica Black TALAMANCA 1982 CIAT 
Costa Rica Small red UCR 50 1992 CIAT 
Costa Rica Small red UCR 51 1993 CIAT 
Costa Rica Black UCR 52 1994 CIAT 
Costa Rica Small red UCR 53 1994 CIAT 
Costa Rica   UCR 55 2007 CIAT 
Costa Rica Small red Bribri 2000 CRSP 
Costa Rica Small red Cabécar 2003 CRSP 
Costa Rica White Suru 2009 CRSP 
Costa Rica Small red Telire 2004 CRSP 
Costa Rica Small red Tonjibe 2007 CRSP 
 
Most of the released varieties, be they hybrids or not, incorporate germplasm originally 
collected outside of Costa Rica: Porillo Sintético and ICA Pijao are adapted landraces 
originally from El Salvador and Colombia; UCR 52 incorporates landrace material from 
Brazil (reported in Genesys as G18521); Puricise derives from a double cross between 
Salvadorian (G1741) and Guatemalan (G2045) parents on one side, and Costa Rican (G4792) 
and United States (G5694) parents on the other; the Brunca variety is the result of a cross 
between a landrace from Mexico (G4495) and a landrace from Guatemala (G5711); Huetar 
incorporates a Mexican landrace (G4837) crossed with an improved variety; Corobici comes 
from a Colombian (G4525) and a Mexican (G4495) parent; and Guaymi derives from a cross 
between a Guatemalan landrace (G20986) and an improved line developed in CIAT (XAN 
176)(Genesys 2014). The varieties developed through the CRSP are mostly based on 
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(repeated) crosses among improved lines or previously released varieties, and the 
identification of the original genetic resources involved was not possible. Although country of 
origin information is thus unavailable, an analysis of the genealogy of one of the latest and 
most successful varieties still on the market, Cabecar, highlights the importance of 
international collaboration for national advances in bean improvement: the variety was 
originally developed in Zamorano and released in Honduras under the name of Amadeus 77 
(in 1995). It is based on a cross between Tío Canela 75 x DICTA 105. Tío Canela 75 was 
obtained through another Zamorano-led cross (which also originated from a variety released 
in Honduras), whereas DICTA 105 derives from APN 102 x APN 83, a cross that was 
obtained in CIAT and further developed by DICTA Honduras. Thanks to PITTA-Frijol, 
Amadeus 77 was evaluated and adapted to Costa Rican conditions between 1999 and 2003, 
both at experimental stations and in farmers’ fields, and then released as Cabecar in 2006 
(Rosas et al. 2004). Cabecar is used today in almost 90% of the bean-growing areas of Costa 
Rica. It is a small, red-grained variety, with good yields (over two tonnes/hectare) and 
adaptation to a broad range of environmental conditions and soils, including those with low 
fertility; it also carries resistance to many diseases, such as golden yellow mosaic virus, 
anthracnose and web blight (Hernández and Elizondo 2006).  
The exchange of plant genetic resources to cope with 
the impact of climate change 
The importance of continued exchanges of germplasm for research is clear when we consider 
the likely impact of climate change on rice and bean production in Costa Rica. Suitable areas 
for rice cultivation in Costa Rica are those with temperatures between 20 and 33 degrees, and 
evenly distributed precipitation of around ten mm/day (Ministerio de Agricultura y 
Ganadería); beans grow best in areas with an annual mean temperature below 26 degrees, and 
annual precipitation between four and ten mm/day (Ministerio de Agricultura y Ganadería). 
Models used by the Intergovernmental Panel on Climate Change (IPCC) predict a warmer 
and drier future for the whole of Central America and the Caribbean, with decreases in annual 
rainfall and increases in temperatures (Intergovernmental Panel on Climate Change 2013). 
Since 1995, the Costa Rican National Meteorological Institute has been looking into the 
expected impacts of a changing climate on rice in the Guanacaste province, and on beans in 
the Alajuela area. These studies confirm that the decrease in rainfall and the increases in 
temperature are likely to negatively affect the productivity of both crops, as well as shifting 
their cropping seasons and/or determining an aggravation of biotic stresses. According to a 
study by the Comisión Económica para América Latina (CEPAL), Costa Rica would be the 
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country most affected by bean productivity reductions (between 14% and 16%) in the entire 
region by 2020 (Comisión Económica para América Latina y el Caribe 2013). Clearly, 
continued access to PGRFA with potential adaptive capacity to the expected conditions, is 
crucial for adaptation to take place.  
To provide a picture of how the adaptation of Costa Rica’s rice and bean crops may benefit 
from continued, if not increased, introduction of traits from materials sourced beyond the 
country’s borders, we used the Climate Analogues modelling tool (Centro Internacional de 
Agricultura Tropical): by choosing a reference site of interest, the tool identifies areas that 
experience climatic conditions that are statistically similar to this reference site, but which 
may be separated temporally and/or spatially. In our case, the tool allowed us to glimpse into 
the future by locating areas whose climate today is similar to the projected future climate of 
the reference sites (i.e. we run the analyses with the ‘backward’ scenario). We used the ‘lag’ 
option, which facilitates the detection of areas that experience similar climates at different 
times of the year, and based the simulation on annual mean temperature and annual 
precipitation, assigning equal weight to both parameters. We chose reference sites 
corresponding to important bean- and rice-growing areas in Costa Rica, thanks to expert 
advice from the national team involved in the GRPI2 project: Los Chiles in the northern 
Pacific area for rice, and Perez Zeledón in the Central Valley for beans. In order to restrict the 
search for similar climates to those occurring during the period of the year in which the crops 
are actually in the fields at the reference sites, we selected a growing season of June to 
December for rice, considering the case of non-irrigated cultivation (Ministerio de 
Agricultura y Ganadería), and a growing season of March to June for beans (Ministerio de 
Agricultura y Ganadería). We applied a threshold of 0.6 to the final results (i.e. only retained 
those areas with a 60% or greater probability of being similar to our reference sites). 
Figures 6 and 7 illustrate the ‘future climate’ or ‘analogue’ sites detected by the model, i.e. 
those areas where climate patterns similar to those expected to occur in Costa Rica during 
rice- and bean-cropping seasons in the future (by the year 2050) have already been occurring 
over the last 50 years.  
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Figure 6.  Analogue sites for rice, using the rice-growing locality Los Chiles as a reference 
(11°01'59"N, 84°42'51"O). Only sites with a similarity greater than 60% were retained. 
Redder areas denote greater similarity (i.e. have a lower probability of being dissimilar).  
 
 
Figure 7. Analogue sites for beans, using the bean-growing locality Perez Zeledón as a 
reference (11°01'59"N, 84°42'51"O). Only sites with a similarity greater than 60% were 
retained. Redder areas denote greater similarity (i.e. have a lower probability of being 
dissimilar). 
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The 'future climate' areas identified are not necessarily traditional rice- or bean-growing areas. 
However, if sites can be found in these areas where beans and rice are thriving, obtaining rice 
or bean germplasm from those sites may be a strategy for introducing materials with adaptive 
potential into Costa Rican breeding programmes. By overlaying geo-referenced observation 
data related to rice and common bean accessions deposited in international collections (purple 
dots on the maps below), it was possible to locate materials that were originally collected in 
‘future climate’ areas. Since these accessions are included in the multilateral system, they are 
available under a facilitated access regime that makes them easy to obtain by interested Costa 
Rican breeders. Figures 8 and 9 give some examples of the rice and bean accessions that were 
collected from these analogue sites, and which are available through the MLS. 
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Figure 8:  Selected rice accessions collected from analogue sites and deposited in 
international or other collections. Point data refer to geo-referenced materials available in 
the collections hosted by CGIAR centers or other important collections, based on data from 
Genesys (Genesys 2014). 
 
 
Figure 9. Selected bean accessions collected from analogue sites and deposited in 
international collections. Point data refer to geo-referenced materials available in the 
collections hosted by CGIAR centers or other important collections, based on data from 
Genesys (Genesys 2014). 
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While some of the ‘future climate’ areas detected here appear to have been covered by 
collection missions, resulting in a significant amount of materials deposited in international 
genebanks and hence in the MLS, few rice and bean samples have been collected from other 
analogue sites. Bean accessions from Africa and Asia are much fewer than from Latin 
America, while rice accessions are fewer in Latin America compared to other continents; 
inter-continent sampling also differs across analogue sites. This is to a large extent to be 
expected, since collection missions focus on regions of origin and/or diversification of the 
crops of interest, where diversity is expected to be highest; furthermore, the two crops are not 
necessarily part of the agricultural systems of all of the analogue sites. However, it may also 
be that additional genetic resources exist in ‘future climate’ areas where the crops are grown, 
but are stored in national genebanks or other collections within countries rather than in 
international institutes; these countries may not be parties to the ITPGRFA, or they may not 
yet have taken active steps towards exchanging relevant collections through the MLS. This 
scenario would imply a narrowing of the range of options available to Costa Rican 
researchers, and others, for addressing the climate adaptation needs of their key staples 
through exploration of materials from ‘future climate’ sites. Of course, the opposite scenario, 
i.e. the presence in Costa Rican collections of materials from areas in other countries that 
have climates similar to those expected in the future, may also be true, restating the 
importance of fully implementing the MLS at national level: until Costa Rica takes steps 
towards implementing the MLS, researchers elsewhere may experience similar difficulties in 
accessing germplasm conserved within Costa Rican borders that could hold promise for the 
climate adaptation needs of other countries. The map below (figure 10) provides one such 
example, by showing the distribution of analogue sites identified for a reference site in the 
bean-producing district of Bulera in Rwanda, a country with one of the highest bean 
consumption rates in Africa. Taking into account the differences in seasonality and in 
cropping times, the present-day climate in many parts of Central America resembles that 
which is expected to hit this important bean-growing area in Rwanda in the future, suggesting 
that Mesoamerica, including Costa Rica, may become an increasingly important provider of 
germplasm for strengthening the adaptation of beans to climate change in Rwanda.  
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Figure 10:  Analogue sites for beans in Central America, using a point in the Bulera district 
in Rwanda as a reference (1°34'21''S, 29°51'49''E). Only sites with a similarity greater than 
60% were retained. Redder areas denote greater similarity (i.e. have a lower probability of 
being dissimilar). 
 
This example indicates how all countries are interdependent on PGRFA in the face of climate 
change, and that the participation of as many parties as possible in the MLS makes it most 
effective and useful. 
Outlook  
This overview of the research and development dynamics of rice and beans in Costa Rica 
provides a picture of the extent to which the country has depended on external inputs of 
germplasm for improving both a native (bean) and an introduced (rice) crop. Most of the 
exchanges described here took place either when the circulation of PGRs was not such a 
politically charged issue as it is today, or through the operation of international institutions 
which, even after the inception of the CBD and its more restrictive bilateral rules for 
accessing and exchanging germplasm, have continued to operate under a regime of facilitated 
access and free distribution. As the sharing of germplasm across borders becomes more 
controversial, and climate change exacerbates the challenges faced by plant breeders, clear 
rules and procedures capable of maintaining and enhancing international exchanges of 
PGRFA are needed, in order to allow for continuing development of more resilient and 
sustainable agricultural and food systems. The complex international scenario surrounding 
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access and benefit sharing, and uncertainties on how to deal with genetic resources at national 
level, with the CBD-inspired bilateral rules and the ITPGRFA’s multilateral approach, have 
caused some disengagement among stakeholders who traditionally participated in the 
exchanges of material and information. However, if the MLS is implemented properly, the 
country’s obligations and those of its research partners would be clearly defined, allowing for 
the continuation and enhancement of Costa Rica’s participation in collaborative crop 
improvement efforts like those presented here. In this direction, the work of the dedicated 
team of researchers and policymakers in advancing the implementation of the ITPGRFA in 
Costa Rica within and beyond the GRPI2 project is crucial, and it is hoped that the results and 
reflections presented here may be of use within such process. 
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